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To: Loretta Ford, Northern Diynasty Date: November 22, 2006
e From: Stephen Day
Subject: Status of Kinetic Tests Project #: 1CN007.000

Pebble Project

Loretta

As requested, and i response to a guestion | received verbally from Steve MceGroarty (Alaska Department of
Natural Resources), this memorandum describes the status of geochemical kinetic testing for the Pebble
Project.

1 Introduction and Background

Kinetic tests are a component of the overall ML/ARD characterization of the project. The two main
objectives of characterization are, as indicated inthe ML/ARD SAP:

I Waste management planning (for example, is the rock /tailings acid-generating and/or metal-
leaching?); and

I Impact management (what concentrations of metals and other components might leach from
rock/tailings and what measures are required to manage this?).

Kinetic tests provide specific data to answer the questions of whether rock/tatlings could generate ARD
{depending on how the material is managed), when ARD would be generated, and how rates of metal
leaching is related to factors such as mineralogy, sulfur, metal content, leachate chemistry and disposal
conditions. Each test m@mﬁm formation on these aspects and is usually continued until the test results no
longer add significant new information to the undestanding of ML/ARD aspects of the project.

Thorough review of the test data has occurred at various times and decisions made to stop or continuetests as
a result of trends in leachate chemistry. The duration of tests at completion is determined by the timing of
these reviews and the date the tests started. Thercis no correlation of the actual termination date with short
term cffects observed in leachate chemistry trends.

The following sections describe the status of the waste rock and tailings programs.

feed

2 Waste Rocl

Twenty-seven waste rock humidity cell tests were started in February 2005, Three additional tests on
Tertiary rock samples were started in November 2005, In September 2005, six subagueous rock columns
were started on samples of pre-Tertiary rock to evaluate leaching effects under flooded conditions. The status
of testwork for each major rock type group is discussed below followed by the subaqueous columns.
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Characteristics of the humidity cell and subaqueous column samples are shown in Tables 1 and 2,
respectively.

2.1 Humidity Cells
2.1.1 Pre-Tertiary Metasedimentary Rocks

The main objective of testing the potentially acid generating pre-Tertiary rock types (both metasedimentary

and plutonic) is to understand the rate of NP consumption leading to ARD release, and the rate of metal
leaching under acidic and non-acidic conditions.

Graphs showing results are provided in Attachment A

Eight samples of rock units designated as W and/orY were tested. Tests on five samples were stopped when
the data were reviewed in August 2005, Three tests were continued. All gight samples showed very stable
leachate chemistry. The objectives of these tests have been met. They have demonstrated that samples with
tow NP (<04 kg CaCOy/1) will generate acid almost immediately, whereas samples with higher NP produced
pH neutral feachate. The tests have also shown which elements leach under acidic conditions and the tiend in
release rates. Rate of oxidation has been shown to correlate with sulfur content,

The three tests selected for continuation showed the same stable release trends, and the two samples with
neutral pH (047-0350-0365 and 3115-0988-1008) are not expected to produce ARD for several years. These

tests were stopped following review of data in June 2006.
Sample 3124-0188-0209 showed declining pH which then stabilized along stable metal release rates under
acidic conditions. This test will be stopped in December 2006,

2.1.2 Pre-Tertiary Plutonic Rocks
Graphs showing results are provided in Attachment B.

Nine samples of plutonic igneous rocks were tested. Tests on two samples are continuing while tests on the
other seven were stopped following review of data in August 2005, Results were very similar to the
metasedimentary samples. Samples with relatively low NP (<10 kg CaCOy/t) became acidic almost
immediately whereas samples with higher WP have yielded consistently non-acidic leachates and were not
expected 1o generate acid for several years. Once the initial trends were established, leachate chemistry
showed decreasing concentrations of major ions with trace metals responding to changes in pH.

The overall objectives of these tests have been metin terms of indicating the rate at which NP is depleted and
leaching of metals under various pH conditions. Two tests were selected to represent acidic and non-acidic
conditions and were continued. The acidic test (3069-0927-0947) has shown a continuation of the slow
decline in pH which also resulted in increases in wetal leaching. This test is being continued. The non-acidic
test (3124-0872-0887) continued along the same general trend. This test was stopped in June 2006,

2.1.3 Tertiary Rocks

The majority of Tertiary rock types are not expected to generate acid. A very small component contains
elevated pyrile concentrations and may generate acid. The program is designed primartly to assess metal
leaching under non-acidic conditions and relationships between sulfide content and metal leaching,
Graphs showing results are provided in Attachment C.
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Nine tertiary rock samples were tested, with two samples being tested as triplicates (o assess reproducibility
of results (total of 13 tests). Four tests of which three were part of a triplicate were stopped after the data
were reviewed in August 2005, Testing of six samples of the samples started in February 2005 was continued
to evaluate longer term trends. One of these tests was stopped when the data were reviewed in June 2006, All
three tests started in November 2005 are continuing

All samoples gencrated leachates that were pH neutral or slightly alkaline. The six samples with relatively low
sullide content produced leachates with pHs between 8 and 9.3, but the three samples with higher auH"m
content had leachate pHs f?&CiWCC‘ﬂ 7 and 8. The overall trend appeared to be for leachate pHs to stabilize
between 7.5 and 8.2, All cells showed a wcmmﬂ decrease in release rates, and the decrease generally lessened
with time. In all cases, sodium was initially an important ion that gradually decreased and was replaced by
caleium and magnesium as dominant ions. Release ofmetals and other potential contaminants generally
decreased or was stable with a tendency toward fattening of the overall trend. The only parameter which
showed increasing release was barfum, the increase in which resulted from the decrease in sulfate.

The reasons for stopping testing on each of the four samples (six tests) are provided below. Generally, the
focus on continuing tests has been on rock types with higher sulfur content th»m will have a strongerinfluence
on water guality than the rocks with lower sulfur content. Al four samples were not considered potentially
acid ,;ggcmrzmm (PAG) based on elevated NP/AP and low sulfur content. Continuation of the tests to observe
onset of ARD was not a criterion.

oo 115-0054-00066 (Siltstone). This sample was tested in triplicate. Reproducibility of the triplicate was
very good. The tests were stopped because reproducibility was demonstrated, and the decreasing
trend in release rates was sufficiently similar to other tests that continuation of other tests would
provide the same information. Continuation of sample 115-1042-0163 of the same rock type with
higher sulfur has confirmed the fonger term trend.

Foo117-10558-1071 {mwa t dike intrusive into pre-Tertiary rock). This sample showed very similar trend
as triplicate tests on 3102-0958-0978, which is the same rock type with a higher sulfur content. The
test was stopped because results were very similar to this sample.

Eo3129-0417-0435 (volcanic sediments). This sample contained very low sulfur (0.03%) and the
release rate trends paralleled 3129-0253-0272, which was the same rock type with higher sulfur. The

test was stopped because leachate concentrations were either stable or declining to low le /@Ea«;.
Fo3128-0253-0272 (volcanic sediments). This sample showed stable release trends,

2.2 Subaqueous Columns

This program was designed to evaluate leaching of potentially acid generating pre-Tertiary waste rockunder

flooded conditions that might exist in a subagueous dmfmmﬁ location or flooded pit walls at closure. Bix

mmpﬂm were selected representing metasedimentary and plutonic waste rock with a range of sulfur content.
I'wo of the samples were already acidic due to low NP at the time the test was started.

Graphs showing concentrations are provided in Attachment D

The data were reviewed in June 2006, and two columns yielding pH neutral leachate and stable or decreasing
trends in chemistry were stopped. The chemistry was also similar for two other neutral pH columns, which
are being continued.

3 Tailings Tests

Four samples of tailings from processing of two ore composites were used as feed for four humidity cells
started in February 2005, The samples were cleaner tailings and scavenger tailings which when combined
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form the non-pyritic tailings. The scavenger tatlings dominate the composite, but have lower sulfur
concentrations. Characteristics of the four samples are provided in Table 3. All four samples had NP/AP
greater than 2.4 and were not expected to generate acid.

Graphs for humidity cell results are provided in Atachment E.

Results Tor the two scavenger tailings samples showed that stable concentrations for most parameters
developed within a Tew weeks of start-up. The tests were stopped afier 34 weeks because trends were well-
established.

The chemistry of leachates for the two cleaner tailings sample was less stable and showed long term
increasing trends [or copper leaching. The tests were therelore being continued to monitor the trends. The
tests will be continued until stable or decreasing release trends become apparent.

Two leach columns containing the Scavenger Tailings sample shown in Table 3 are continuing.

feed
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Attachment A
Graphs for Pre-Tertiary Metasedimentary Rock Humidity Cells
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Attachment D
Graphs for Pre-Tertiary Subaqueous Rock Columns
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